Background: Cinnamomum verum bark (Cinnamon or dalchini in Hindi) and Cinnamomum tamala leaf (Indian bay leaf or tejpatta in Hindi) are commonly used spices in the Asian subcontinent. In the present study, we compared the bioactive potential of these spices. Method: The plants were collected and extracted with different solvents. The extracts were analysed for in vitro cytotoxicity against human cancer cell lines by SRB assay. Antioxidant activity was measured in terms of DPPH radical scavenging and chelation power on ferrous ions. Relative phenolic content of extracts was also measured. Results: Comparative analysis demonstrated that C. verum (bark) has much greater cytotoxic as well as antioxidant potential than C. tamala (leaves). The bark methanol extract showed potential activity against prostrate (PC-3) and glioblastoma (T98G) cancer cell lines with 90% and 78% growth inhibition at 100 mg/ ml concentration respectively. The bark methanol extract also showed good DPPH free radical scavenging activity with IC 50 111.5 AE 0.62 mg/ml and moderate chelating power on ferrous ions IC 50 108.7 AE 0.53 mg/ ml. The total phenolic content of bark methanol extract was highest with 210 AE 0.81 mg/g GAE. Conclusion: This study highlights the relative greater bioactive potential of C. verum (bark) and it can be deduced that it is a highly effective cytotoxic, antioxidant spice than Indian bay leaf.
Introduction
Nature has been a source of medicinal agents for thousands of years and an impressive number of modern drugs have been isolated from natural sources. Spices are dried parts of herbs that are commonly used as flavouring agents in foods. It has been experimentally documented that several common spices can also exert health beneficial physiological effects including digestion stimulation, hypolipidemic, antidiabetic, anti-lithogenic, antioxidant, antiinflammatory, anti-mutagenic, anti-carcinogenic and antimicrobial effects. 1 These flavour enhancing spices can also protect against a wide range of cancers, heart diseases and other chronic diseases. 2 Reactive oxygen species (ROS), which include free radicals like superoxide radicals, hydroxyl radicals, singlet oxygen species have been related to numerous health disorders such as inflammation, artherosclerosis, stroke, arteriosclerosis, diabetes and cancer. 3, 4 The imbalance between ROS production and antioxidant defence mechanisms leads to oxidative modification in cellular membrane or intracellular molecules.
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Herbs and spices are sources of natural antioxidants, such as flavonoids, phenolic, diterpenes, tannins and phenolic acids. These compounds have antioxidant, anti putrefaction and anticancer properties. Therefore, there has been a considerable interest in the food industry to find natural antioxidants to replace synthetic compounds in food applications, and a growing trend in consumer preferences for natural antioxidants, all of which has given more impetus to explore natural sources of antioxidants.
In this study, we compared the two species of family Lauraceae namely Cinnamomum verum bark (dalchini) and Cinnamomum tamala leaf (Indian bay leaf) that have been used for several thousand years as culinary herbs and in traditional Eastern and Western systems of medicine. C. verum is also traditionally used for anorexia, bloating, dyspepsia with nausea, flatulence, colic, and spastic conditions of the gastrointestinal tract. 6 The bark of cinnamon yields an essential oil containing cinnamaldehyde and eugenol and possesses significant antiallergic, antiulcerogenic, antipyretic and antioxidant properties. 7 The oil isolated from the leaves of C. tamala known as Tejpatta oil is medicinally used as a carminative, antiflatulent, diuretic ant it has been reported to show antibacterial and hypoglycaemic activity. 8 Essential oil constituents of leaves have four chemotypes i.e. eugenol type, cinnamaldehyde-or cinnamaldehyde/linalool type, trans-sabinene hydrate type. 9 Keeping in view the significance of these spices, the study was done to compare these two species i.e. C. verum bark, and C. tamala leaf for their relative cytotoxicity, antioxidant and antimicrobial properties and phenolic content.
Materials and methods

Preparation of crude extracts
The dried cinnamon bark and Indian bay leaf were obtained from local market and ground in a blender to make fine powder. Total of 100 g of each of bark and leaf powder were extracted with 500 ml of three different solvents i.e. chloroform, methanol and water. Methanolic and chloroform extracts were obtained by continuous stirring at 40 C for 6 h whereas water extract was prepared at 60 C for 6 h. This treatment was repeated thrice and the extracts were pooled, filtered and evaporated using rotary vacuum evaporator. 10 
In vitro cytotoxicity
All the extracts of each species were evaluated for antiproliferative activity against human cancer cell lines in 96 well microplates. Cell suspension (100 ml) containing 10 5 e2 Â 10 5 cells/ ml and 100 ml of tested sample were added into each well. After incubation in 5% CO 2 at 37 C for 72 h, the cytotoxicity was determined by colorimetric method as described by Skehan and his coworkers. 11 
1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay
In this assay, free radical scavenging activity was determined according to the method of Blois et al with modifications. 12 A total of 1 ml from a 0.5 mM methanol solution of the DPPH radical was mixed to 2 ml sample and to this 2 ml of 0.1 M sodium acetate buffer (pH 5.5) was added. The mixtures were well shaken and kept at room temperature in the dark for 30 min. The absorbance was measured at 517 nm using a double beam UVeVIS spectrophotometer. The radical scavenging activity (RSA) was calculated as a percentage of DPPH radical discolouration, using the equation:
where A 0 is the absorbance of the control and A s is the absorbance of the test compound.
Chelation power on ferrous (Fe 2þ ) ions
The chelating effect on ferrous ions of the prepared extracts was estimated by the method of Dinis with slight modifications. 13 Briefly, 200 ml of different concentrations of each extract and 740 ml of methanol were added to 20 ml of 2 mM FeCl 2 . The reaction was initiated by the addition of 40 ml of 5 mM ferrozine into the mixture, which was then left at room temperature for 10 min before determining the absorbance of the mixture at 562 nm. The ratio of inhibition of ferrozine-Fe 2þ complex formation was calculated using the equation:
% inhibition ¼ ð½absorbance of control À absorbance of test sample=absorbance of controlÞ Â 100:
Determination of total phenols
Total phenolic content of bark and leaf were determined according to FolineCiocalteau method.
14 Briefly, 0.5 ml of extract solution was mixed with 0.5 ml of 1 N FolineCiocalteau reagent. The mixture was kept for 5 min, followed by the addition of 1 ml of 20% Na 2 CO 3 . After 10 min of incubation at room temperature, the absorbance was measured at 730 nm using double beam UVeVIS spectrophotometer. The concentration of phenolic compounds was calculated according to the following equation obtained from the standard gallic acid (5e50 mg) graph: 
Results and discussion
In the present comparative study among cinnamon bark and Indian bay leaf, extracts of each were prepared in different range of solvents (methanol, water, chloroform) and analysed for relative cytotoxic and antioxidant properties. The maximum yield of 18.92% was observed in C. verum bark methanolic extract and 9.2% yield was obtained in C. tamala leaf ( Table 1) . Evaluation of in vitro cytotoxic potential against four human cancer cell lines i.e. A-549 (lung cancer), PC-3 (prostate cancer), T98G (glioblastoma), T47D (breast cancer) was carried out. Among all the extracts, the methanolic extract of bark showed potential activity against prostrate (PC-3) and glioblastoma (T98G) cancer cell lines with 90% and 78% growth inhibition at concentration of 100 mg/ml respectively ( Fig. 1) whereas leaf methanol extract showed insignificant cytotoxic activity at 100 mg/ml with 37% and 29% growth inhibition against PC-3 and T98G human cancer cell lines respectively (Fig. 2) . Hence, comparative analysis confirmed that C. verum bark has much greater cytotoxic potential than C. tamala leaves (Figs 1 and 2) . As it has been reported that cinnamon bark possesses very low acute toxicity in the animals. 15 Thus, consumption of cinnamon bark in daily diet is quite safe. Further, to compare the antioxidant potential, DPPH radical scavenging assay was carried out and it was observed that methanol extracts showed high radical scavenging activity with IC 50 111.5 AE 0.62 mg/ml (Cinnamon bark) and IC 50 175 AE 0.32 mg/ml (leaf) respectively (Table 1) . BHT is a standard antioxidant which shows IC 50 value of 50 AE 0.62 mM. The result depicted that C. verum bark was more effective radical scavenger than Indian bay leaf. This method is commonly used to assess radical scavenging of any antioxidant substance because it is a quick, reliable and reproducible method to search in vitro general antioxidant potential of pure compounds as well as plant extracts. 16 The quantification of relative phenolic content in different extracts exhibited that methanolic extracts of both bark and leaf contain high phenolic content i.e. 210 AE 0.81 mg/g GAE and 161 AE 0.58 mg/g GAE respectively in comparison to other extracts. A significant correlation was shown to exist between the phenolic content and DPPH scavenging capacity ( Table 1 ). The chelation of ferrous ions by extracts was estimated with the method of Dinis et al (1994) . Chelation power on Fe 2þ ions of methanol extract of bark was found to be the highest (IC 50 108.7 AE 0.53 mg/ml) whereas leaf methanol extract showed comparatively low chelation activity (IC 50 114.2 AE 0.42 mg/ml) (Table 1) . Reactive oxygen species (ROS) are often generated as byproducts of biological reactions or from exogenous factors. 17 Right dietary sources can provide the much needed antioxidants to control the free radicals from damaging the affected tissues. 18 Dragland and his co-worker speculated that the daily intake of 1 g of various potent antioxidant spices makes a relevant contribution to the total intake of antioxidants in a normal diet. 19 Our present study supports the fact that C. verum bark and C. tamala leaf are potential source of antioxidant regime along with antiproliferative properties. The present work is also in accordance with the earlier reports on cytotoxic and antioxidant activity of cinnamon bark. 20, 21 Comparative study done on the two species of Cinnamomum highlights the better bioactive potential of C. verum bark than C. tamala leaves.
Conclusion
The study demonstrated that among the methanol, chloroform and aqueous extracts of C. verum bark and C. tamala leaves, methanol extract of C. verum bark (Cinnamon) possesses significant higher cytotoxic and antioxidant activity. Therefore, C. verum bark (dalchini) extract has more potential than C. tamala leaves (tejpatta) and can be used as an easily accessible source of antioxidants. Frequent intake of cinnamon bark in food can help in maintaining balance between ROS generation and the defence system of the body against oxidative stress and other diseases like cancer.
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